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The probability of α particle emission for some recently observed superheavy nuclei (SHN) are
investigated. The α-decay half lives of SHN are calculated in a quantum tunneling model with
density dependent M3Y (DDM3Y) effective nuclear interaction using theoretical and measured Qα
values. We determine the density distribution of α and daughter nuclei from the relativistic mean
field theory (RMF) using FSUGold force, NL3 and TM1 parameter sets. The double folded nuclear
potential is numerically calculated in a more microscopic manner using these density distributions.
The estimated values of α-decay half-lives are in good agreement with the recent data. We compare
our results with recently detected α-decay chains from new element with atomic number Z=117
reported by JINR, Dubna. Finally, we determine the half-lives of superheavy elements with Z=108-
120 and neutron number N=152-190 to explore the long-standing predictions on the existence of an
“island of stability” due to possible spherical proton (Z∼ 114) and neutron (N∼ 184) shell closures.
PACS numbers: 27.90.+b, 23.60.+e, 24.10.Jv, 21.30.Fe
The formation of superheavy nuclei (SHN) by fusion
was intensively explored [1–3]. The investigation of ex-
perimental data concerning fusion and fission of the SHN
with Z = 108-118 together with data on survival prob-
ability of these nuclei in evaporation channels with 3-4
neutrons, revealed the fact that the hindrance due to
high fission barriers causes to a relatively higher stability
of such heavy nuclear systems [4]. The investigation of
α-decay chains of such SHN is the main tool to extract
some information regarding their degree of stability and
possible existence in nature. In the last decade several
theoretical and experimental works [5–8] were devoted to
the formation of SHN and their α-decay half-lives. The
α decay of superheavy nuclei [9–14] is possible if the shell
effect supplies the extra binding energy and increases the
barrier height of fission.
In our previous works [9, 15, 16] we showed the ap-
plicability of our calculation using DDM3Y interaction
in predicting the α decay half lives of SHN from a di-
rect comparison with the experimental data [7, 8]. In
this paper, we calculate the α-decay half-lives of new su-
perheavy element Z=117 and its decay products recently
observed in JINR, Dubna [17]. The density distribution
of α-particle and daughter nuclei are determined from
the RMF theory using FSUGold force [18], NL3 [19] and
TM1 [20] parameter sets. The Lagrangian model NL-
SV1 with the inclusion of the vector self-coupling of the
ω-meson was successfully used by Saldanha, Farhan and
Sharma [21] to study the properties and shell structure
of the superheavy elements from Z=102-120 based on
RMF+BCS calculations for an axially deformed config-
urations of nuclei. To include the deformation effect to
some extent, we have used the Qα values obtained from
the force NL-SV1 [22] for the investigation of existence
of the so-called “magic island” with extra stability. How-
ever, we have determined density distribution from RMF
∗ royc.partha@gmail.com
calculation assuming spherical nuclei. In addition, the
expression of centrifugal barrier is modified to introduce
an additional turning point near the origin, even for the
l = 0 case.
The half lives for α disintegration process [23] are cal-
culated using WKB approximation [24] in the frame work
of quantum mechanical tunneling of an α particle from
a parent nucleus [15]. The details of calculation of the α
decay half lives (Tα) of superheavy nuclei were described
in our earlier works [9, 16]. The required nuclear poten-
tials are calculated by double folding the nuclear density
distribution functions of the α particle and the daughter
nucleus with DDM3Y effective interaction. The values of
parameters used in the DDM3Y interaction are kept un-
changed as calculated in our previous papers [15, 25]. In
this work, the density distributions are obtained from the
nuclear wave functions (ψ) using the Lagrangian param-
eter sets FSUGold, NL3 and TMI. The microscopic α-
nucleus potential thus obtained, along with the Coulomb
interaction potential and the minimum centrifugal bar-
rier required for the spin-parity conservation, form the
potential barrier. The spin-parity conservation forces a
minimum angular momentum (l) to be carried away in
the decay process. Consequently, this gives rise to the
Langer modified centrifugal barrier
Vl = h¯
2(l + 1/2)2/(2µR2) (1)
where µ is the reduced mass of the daughter and emitted
nuclei system and R is the distance between them. In
this work, minimum centrifugal barrier is assumed by
using l = 0. The Langer modification from l(l + 1) →
(l + 1/2)2 is a necessary transformation [26] while going
from the one dimensional problem with x ranging from
−∞→ +∞ to the radial one-dimensional tunneling with
r ranging from 0→∞.
In this calculations, the experimental Qα are used for
the estimate of Tα of the recently synthesized new ele-
ment Z=117 in JINR, Dubna [17] and recently observed
2decay of 288,289114 in GSI, Darmstadt [27]. The the-
oretical Qα-values for the neutron rich isotopes of the
elements with even atomic number Z=108-120 are ob-
tained from the force NL-SV1 to search the existence of
an “island of stability” surrounded by unstable nuclear
systems.
The experimental decay Q values (Qex) have been ob-
tained from the measured α particle kinetic energies Eα
using the following expression
Qex = (
Ap
Ap − 4
)Eα + (65.3Z
7/5
p − 80.0Z
2/5
p )× 10
−6 MeV
(2)
where the first term is the standard recoil correction and
the second term is an electron shielding correction. The
mass and atomic numbers of the parent nucleus are de-
noted as Ap and Zp respectively. As the Qα-value ap-
pears inside the exponential integral as well as in denom-
inator of the expression [15] of α decay half lives, the
entire calculation is very sensitive to Q-values.
The RMF theory has successfully described various
properties of nuclei from light to superheavy domain.
The RMF calculations [28] are used to explore the na-
ture of possible magic numbers using various interactions
and it is shown in some calculations that the patterns
of single -particle levels are significantly modified in su-
perheavy elements [29]. Being based on the Dirac La-
grangian density (L), RMF is particularly suited to in-
vestigating these nuclei because it naturally incorporates
the spin degrees of freedom. There are different varia-
tions of the Lagrangian density and also a number of dif-
ferent parameterizations in RMF namely, FSUGold force,
NL3 and TM1 etc. The following Lagrangian density has
recently been proposed [18] which involves self-coupling
of the vector-isoscalar meson as well as coupling between
the vector-isoscalar meson and the vector-isovector me-
son. The corresponding parameter set is called FSUGold.
L = ψ¯ (iγµ∂
µ
−MN)ψ +
1
2
(
∂µσ∂
µσ −m2σσ
2
)
−
1
4
ΩµνΩ
µν +
1
2
m2ωωµω
µ
−
1
4
~ρµν .~ρ
µν
+
1
2
m2ρ~ρµ.~ρ
µ
−
1
4
AµνA
µν + gσψ¯ψσ
−ψ¯γµ(gωω
µ +
gρ
2
~τ .~ρµ +
e
2
Aµ (1 + τ3))ψ
−
κ
3!
(gσσ)
3
−
λ
4!
(gσσ)
4 +
ζ
4!
(g2ωωµω
µ)2
+Λv(g
2
ρ~ρµ.~ρ
µ)(g2ωωµω
µ) (3)
where,
Aµν = ∂µAν − ∂νAµ (4)
Ωµν = ∂µων − ∂νωµ (5)
~ρµν = ∂µ~ρν − ∂ν~ρµ − gρ (~ρµX~ρν) (6)
In this work, we determine the density distributions of
emitter and daughter nuclei from RMF calculations us-
ing three different parameter sets namely, FSUGold force
[18], NL3 [19] and TM1 [20].
In this short report, our primary aim is to check the
stability of recently discovered [17] new superheavy ele-
ment with atomic number Z=117 against α-decay. The
two new isotopes 293117 and 294117 were recently pro-
duced along with 9 more new nuclei as their decay prod-
ucts at JINR, Dubna [17] in fusion reaction between 48Ca
and 249Bk. In this work, the α-decay lifetimes (τ) are de-
termined within a WKB framework using density distri-
butions for daughter and emitted nuclei from RMF calcu-
lation. In Table I the experimental (τEXP ) [17] and the-
oretical α-decay lifetimes (τM3YFSUGold, τ
M3Y
NL3 , τ
M3Y
TM1 ) calcu-
lated by using density distributions from FSUGold, NL3
and TM1 parameter sets are compared for 293,294117 and
their decay products. In addition, the calculations are
also done with theoretical Qα values used in Ref. [17]
based on macroscopic-microscopic calculations of masses
of superheavy nuclei [30]. The upper and lower limits
of calculated values are arisen due to the error encoun-
tered in measured Qα values. It is clear from Table I that
the three sets of calculated α-decay lifetimes τM3YFSUGold,
τM3YNL3 , τ
M3Y
TM1 using wave functions from FSUGold, NL3
and TM1 parameter sets respectively with DDM3Y in-
teraction are close to each other. Our calculations using
experimental Qα are in reasonable agreement with exper-
iments for some nuclei like 293117, 285113, 294117, 286113
etc. For the rest of the nuclei like 290115, 282111, 278109,
274107 etc. our calculations are in better agreement with
theoretical lifetimes given in Ref.[17]. For example, the
calculated lifetimes using FSUGold (∼ 11.3 seconds) is
much less than measured lifetimes (∼ 1.3 minutes) for
274107. However, this discrepancy is removed if we em-
ploy the Qα values from Ref.[30]. The data with higher
statistics are needed to determine the lifetimes of SHN
with a better accuracy.
Recently the α decay chains from 289114 and 288114
are reported by Dullmann et al. [27]. In Table II the
calculated α decay half lives (TFSUGold
1/2 , T
NL3
1/2 , T
TM1
1/2 )
and experimental α decay half lives (TEXP
1/2 ) are given
for comparison. The half lives predicted in this work are
in good agreement with the measured values for 289114
and 281Ds. For nuclei 285112 and 288114 our calculations
are in reasonable agreement with experiments.
Finally, the α-decay stability of a series of superheavy
nuclei with Z=108-120 towards neutron rich domain are
investigated by using Qα values obtained from the force
NL-SV1 [21]. The nuclear potential are numerically de-
termined using double folding the DDM3Y interaction
with density distribution functions obtained from the
FSUGold parameter set. The calculated halflives are
shown in Fig. 1 with increasing neutron number N=152-
190 for elements with even atomic number Z=108-114.
The half life for any specific element (i.e. for fixed Z)
increases with increasing neutron number. This matches
the trend of higher stability towards neutron shell closure
around N∼ 184 or 186 as predicted by many microscopic
calculations. A sharp fall in Tα around N=184 for ele-
ments Z=108, 110, 112, 114 may indicate the signature of
shell effects around N=184 or 186. A similar trend is ob-
3FIG. 1. (Color online) Half lives log Tα (in second) vs. neu-
tron number (N) using density distribution from the force
FSUGold and Qα from NL-SV1 parameter set for Z=108-114
served in Fig. 2 for elements Z=116, 118, 120. However,
as the atomic number increases the shell effect seems to
be less prominent. For example, the shell effect near
N=184 becomes less significant for Z=118 and 120.
In summary, the α-decay halflives Tα of some recently
observed superheavy nuclei are determined in a more
microscopic approach using DDM3Y interaction and
RMF wave functions obtained from three different pa-
rameter sets FSUGold, NL3 and TM1. The calculations
are in reasonable agreement with the measured values
of Tα. Finally, a thorough investigations are done to
search the existence of an “island of stability” in neutron
rich domain of superheavy nuclei with Z=108-120 and
N=152-190 using the Qα values from NL-SV1 parameter
set. It seems from this calculation that the longer lived
superheavy nuclei may exist due to shell effect near
N∼ 184 with Z=110-114. However, more experimental
and theoretical works are needed to be done to shed
more light on this issue.
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